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T hoDUCTICH OF OMGANLE PEOS¢.OkUS COMIQUNLE

BY Pl MeACTION OF B.'0815I0KUS TRIC:LORINL AND

DATGEN WITH HYDROCALBOLS, 1HA2H Gl LOKO D JVALIVES,

AND o1tk

L. Z. Uoberovekiy, Yu, M, winovtav,
and Ay As Bnedin (Presented by Acads

emlclan A, N, Neameyanov, 22 Apr 1950)

Z-An invugtipation on erganic phospherus derivatives which has O inpli-
cutionu,  The reaction of exvien and ciospnorus trichiloride with a) halogonated
hiydrocurbons and b) wnrubstituted hydrecartons would definitely be of in=
torest from the point of view of tle o.ntlesis of "OuM norve cas und similar
compounds. The ronction s quite ~enural, of course, 5o that the investi-
patdon reportod upon may not actually represunt an attempt to study, improve,
or modify oo Lirst ctop of tue aluminum enloride "GLM procosu._7

serlior wo Lound (1) thal thirowsh bthe interaction of paralfin and crelo=
parafiin hydrocurtons with phospherug Lricidoride, corresponding dichlgides
of alkypi.osphonic aecids, phosphorus oxychloride, and hydrosen chloride are
formed:

— - !
HH 4 2P013-4 02 KPOCIZ P0013~\ HCL (l)

In tie nresent report are set forth tie results of the study of the
reactions of phosjrhorus trichloride and oxyren, with cnloroderivatives of
hydrocarbons under formation of dichlorides of chloroalkylphocphonic acids,
according to the scheme: |

CnH2n ¢1Cl + 2PCl3 ! 02 e CnH2n01P0012‘FP0013 + HCl (2)
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The reaction was carried out with dicrlovet une and monochloro derivatives
ol ethane, propane, Lutune, and octanej it was noted taat products of the
reaction consist of a mixture of iseomeric dich%idaa of ghloralkylphogphonie
acid,

rrom tie products of tne reaction with leci.lorelutane, all four posuible
ivomure of dichlorides of chlerlutylphoe;ionic acid were itolated by means
ol' careful rractisnation and tagly |repertios deteralined,

The prerence of lsemers 18 observed also In tiw preducts of the reaction
of the parat'fin hydrecarlont t.ontelves with phosihierus triculeride and
exyiren,  The correlation of tho yielde of tha lsewers formed indicates that
Lo Cel Lond forms eaploest at tertlary and sceondury earbon atomg, and with
the prentest difiieulty at primary atoms (zee Talle 1),

The difrerence in the mobdlitios of utome of i.ydrosun in moleeules of
uy/droearbons and their enlorederivalive undoer Lo conditions of thiz reuction
18 also demonilrated Ly the dif'erring yiclds of the chlorallylhydroxycnloro-
phosphidnes obtaincd Ly ruictions with lsomeric monelinlozunaved alkanes
(sec Tatle 2),

The reaction of plios. horus trichiloride and oﬁiycn with ethers procoeds
in a more complex munner, Conditionz in thir case were studicd on the basis
ol reactions with dicthiyl and normal dibubyl elicrs, aud tvo Lypes of piiosphorug=-
containing compounds were isolated: particularly dichilorides of alkoxyalkyl-
phogphonic and alkylphosphoric acide™,

(CnH2n4_IOCnH2nP0012 and Cnli OPOCla)

2n4l

Thus, for example, by the reaction of dilutyl ester (1 mole) with PCl3
(3 moles) and oxygen, 0.13 moles of ChH9OP0012 and 0,20 moles of ChH9OChH8POClZ
were obtained.

# In tie resction with dibutyl ester the formation of l=chlorobutane as a

b&hproduct was established,
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‘"he praparation of diculorides of alKOAyulkylpnosuhonic acids by the
resctions of phosphorus trichloride and oxygen with ether showe that the
latter react 1ike hiydrocartend.

on the Lasle glated, b ie possiile to conclude L.at the investigated
reactiona of phoaphiorud trichleoride and o¥yLen with saturated and ethylene
hydrocarbons, cyclopurnffina,chloralkyla, and elLherd roceed, evidantly, bY
the Bama noc.aniem, 'the basic procesd determining the formation of the
phoaphorun-carbon bond in all the reactions under congideration 10 the oxi=-
dation of the phogphiorus tyie:loride and, thorefore, Vhe addition ol @&
aoloculo of oxyren Lo tho P013, 1eading lo the formalion of an {ntermodiate,
oxtraordinarily aelive product of o juronde Lpe) pocsesring the pro=
pertiocs ol a froc padical, h surncture ol thic compound can Lo ropruaanod

L]
in buo form of bae L.iradical 0131~-o-o *,
[ ] *
PCly + 02 - C1-1-0-0 ¥ 10% 2Kcal * (3) -

The indicatod biradical viirouh enllision with another molecule of
P013 iy prangtored into phosphorusbxycnloride, which 19 o sole product

of the reaction of PCl, and oxyren " ¢

e m————— T

* The compoune yeferred Lo can Le considered also as & bipolar ion
- -
ClBP-O-O (according to the terminolory proposed Ly b Do salinckiy) .
T . .
For the calculation of the heab offect of this and gubsequent reactions
we have used a8 data for tie enersy or 1ne Londs p-0 and P = 0,
rospoctively, 00 & oyeal and 150 + 6Keal, cited in painton's (2) works.
it

The procest of spontaneous oxidation of phosphorus grichloride with
oxypen (or air) has not been elucidated in the literature up o the

present time,
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013?’-0-5 > BOL —> 20001+ LT * 12Kcal (h)

And if a hydracarbon (or it8 derivative) is present in the raaction
mixture, then the interactien of ne latter with the indleated Liradical
Lrings about the formation of new radieals, transformation of which leada
further to tue 953356£i;5jéf tne molecule H-POClz. These transformations
can take place in a numbsrf onpletely diverse directions characteristic
of free-radical ruactiona, iclow are clted posalbla uxamples of the schame

of Lho specificn procesyed:

[ [d . .
(1,-P-0-0 « lilf = ¥OCLy + R ClE 1 2L 2 heir (%)
L] L]
POlJ-v- - 1{-11013 (6)

The subsequont translormations of thu radicul KiCl, con proceod
7

according Lo the scuemue:

n-:mj *+hall = [ lL—k’Clsl{J-o- ;t, (7
oa
[ n-130133_7 —» RepCl,*lCL - H-FOCL, (8)
or
[ [
HePClyd O = [R=pCLy-0iL ] == R=POCL -+ HCL (9)

Ihe followinit olservalions alse indicate the free-radical character
of these reactions, /[ a, b, ¢, and aj s

a) The processes under consideration procecd with a suificiently high
valociby e¢ven at extremely low temperatures (=90 -70°).

b) The formation of alwyl halides (i-CSH1101 and i-CaU17Cl) in the

reactions of isopentane and isooctane with PCl3 and 0,¢

[ ] [ ] 2
R + Ol == ROH (10)
ROH + POCLy — KOPOCLy* Hel (11)
ROPOCL,+ HCL —> RC1 + /[ HoPOCLy 7 (12)
-l -

.
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¢) The formation of butyl chloride and isebutyloxydichlorephesphine

st

i

through the reaction of isooctane with Pcl3 and 02. In this case the
course of the [ree-radical iracese can te expressed, for example, in the
following manner:
(City) 5 *+( Gil3) HGHICH,O
(CHy) yCCHQUH(H3) ot Ol =, i (23)
(CH3) 205101!2 + (6!13)300!!

®
The radicals (CHB)Jésxnd (CH3)20H0u2 tecome further tranaformed accords i
ing to schones (6) and (9) into tho corresponding isomoric chlorides of
1sobutylphesphonic acids, and tie alcohols according to oquations (11) and

120 ,;nn]

(12) into esters of isobutylthloropuoupnoric acids. i

PR - STEC RS

d) 'the formation of a hydrocarbon with doubled molecular weight (cluulh),

e T

Loiling at 270-272° and not freeszing at -300, obtained by the renction of

toluene with P013 and 02, tho formation of which can be explained only by

the appearance of radicals C7N7. {

it vl i

The fornation of chlorides of alkylphosphoric acids by the reactions

of ethers with PCl3 and O2 could be oxplained by the splitting off of mole=-

cules of ethers as a result of the conditions under which the reaction was

% conducted, lHowever, no change in the original reagent%! was observed, when
the ethers was heated to 170° either with phosphorus oxychloride or with
e phosphorus trichloride in sealed tubes during 7 hours, as well as when dry

hydrogen chloride was passed through this mixture for 7 hours at room tem=

ot e

perature,

Consequently, it is impossible to explain the formation of the compounds

BT

ROPOGZI.2 by a simple splitting of molecules of the original ethers, This

phenomenon also can be explained by the fres-radical processes expressed,

¢

for example, by the following schemes (in the case of the reaction with

n=butyl ether):

C}Hg0C) Ho + O —» Oy HgOH  C, fig03 (k)
CH,0 + 500,00~ C) H/OH +0) Hy00) Hy (15)
-5-
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The butanol formed according to this scieme reacts further according

to eyuation (11), and the radical chugochuﬂ according to reaction scheme (6).

[
The radical chn9ocuuw may also form by the reastion

: S 0.3 # 1.0 Ho—» POCL, + OH - CLHO0Hg 16)
€1,P-0-0 * G Ho0C,Hy 3 1,108, Hg (
In Table 3 are listed the conatants of oyntiesized chlorides of

alkoxyalkylphosphonic and alkylphogphioric aclids,
The interaction of phospiorus trichloride and oxygen with alkylchlorides

or with ethergwas conducted under the conditions doscribed for paraffin

hydrocarbons (1),

T T e

Submittied
18 April 1950
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